Introduction
============

Schizophrenia is a severe mental illness that affects \~781/100,000 persons in the People's Republic of China.[@b1-ndt-12-2869] This is a complex disorder, and the pathogenesis remains unclear. In recent decades, accumulating neuroimmunological evidence has led to the hypotheses that autoimmunity or central nervous system infection contributes to the development of schizophrenia.[@b2-ndt-12-2869]--[@b5-ndt-12-2869] Cytokines, such as tumor necrosis factor alpha (TNF-α), play an important immunomodulatory role in schizophrenia. Indeed, cytokines display immunological, neurochemical, and neuroendocrine activities that impact the brain, with consequent effects on behavior. Signs of inflammation and microglia activation in postmortem brains, cerebrospinal fluid (CSF), dysfunctional blood--brain barrier, the increased retroviral activity, are all strong indicators of the immunological basis of the etiopathology in schizophrenia. In psychiatric disorders, Bechter et al[@b6-ndt-12-2869] found signs of low level central nervous system inflammation in \>40% of patients with affective and schizophrenic disorders using modern CSF analysis, and supported the mild encephalitis hypothesis in the pathogenesis of schizophrenia. The immune response of T-helper cells in schizophrenia in the literature is characterized by the imbalance between Th1 and Th2, pro- and anti-inflammatories, respectively, depending on the estimated type of cytokines. Whether the shift is toward Th1 or Th2 side is not confirmed yet. TNF-α is a low-molecular-weight polypeptide with multiple biological activities. Since its discovery in 1975 by Carswell et al,[@b7-ndt-12-2869] many studies on TNF-α have revealed physiological functions in addition to the anti-neoplastic activity for which it was named. On the one hand, as a proinflammatory cytokine, TNF-α mediates cellular immunity and participates in neuroimmunological regulation and autoimmune processes in the central nervous system, such as regulating growth, differentiation and repair; signaling feedback during early brain development of nerve cells and glial cells; and maintaining normal brain morphology.[@b8-ndt-12-2869],[@b9-ndt-12-2869] As an endogenous pyrogen, it can also influence sleep, feeding, exercise, and behavior.[@b10-ndt-12-2869] On the other hand, TNF-α can enhance the inflammatory reaction and immune response by activating the hypothalamic--pituitary--adrenal axis and by directly targeting the neuroendocrine system.[@b11-ndt-12-2869],[@b12-ndt-12-2869] Moreover, by binding to a brain opioid receptor to exert an endorphin-like effect, TNF-α also possesses the ability to attenuate insulin action and promote melanin generation.[@b13-ndt-12-2869]

More recently, TNF-α has been implicated in the pathogenesis of schizophrenia.[@b14-ndt-12-2869],[@b15-ndt-12-2869] However, this relationship remains controversial. To date, studies focused on TNF-α have mainly utilized two approaches: TNF-α gene expression analysis (such as the G308A polymorphism in the upstream promoter of the TNF-α gene) and measurement of TNF-α protein levels in body fluids. Nevertheless, associations between polymorphisms in the TNF-α gene and schizophrenia have not been clearly demonstrated.[@b8-ndt-12-2869],[@b16-ndt-12-2869],[@b17-ndt-12-2869] Many studies have measured the serum levels of TNF-α; however, the results from studies taking this approach have also not been consistent.[@b18-ndt-12-2869]--[@b20-ndt-12-2869] Studies measuring the level of TNF-α in the CSF are relatively rare, and these levels are commonly below the threshold of detection. The following factors are known to influence patients with schizophrenia: age, gender, body mass index (BMI), smoking, the first episode/relapse, stress, diagnostic criteria, past or current infections, current drug use, and others.[@b19-ndt-12-2869],[@b21-ndt-12-2869],[@b22-ndt-12-2869] Indeed, some studies have taken factors such as the patient's condition, and the drug dosage and classification into account.[@b23-ndt-12-2869]--[@b25-ndt-12-2869] After analyzing a variety of cytokines, Potvin et al[@b26-ndt-12-2869] demonstrated the importance of inflammatory symptoms in patients with schizophrenia.

Moreover, metabolic syndrome is frequently observed in patients with schizophrenia. Experts at the International Diabetes Federation have not only emphasized that central obesity and insulin resistance (IR) are important risk factors but also proposed that inflammatory indicators, such as TNF-α, may be related to metabolic syndrome and may predict the development of cardiovascular disease or diabetes. Indeed, evidence for the relationship between serum TNF-α levels and IR, central obesity, and high BMI has increased.[@b27-ndt-12-2869]--[@b31-ndt-12-2869] In a variety of endocrine metabolic diseases, TNF-α can regulate insulin by influencing the insulin signaling pathway, which thus regulates obesity and IR. In a meta-analysis of schizophrenia and cytokine studies, Potvin et al[@b26-ndt-12-2869] also noted that weight gain should be given greater attention in the interpretation of the interaction between schizophrenia and TNF-α. However, no studies have evaluated the relationship between central obesity, IR, and TNF-α in schizophrenia.

In this study, we sought to verify the relationship between schizophrenia and the immune system by measuring the concentrations of TNF-α in the CSF. In particular, we assessed the relationship between changes in TNF-α and the psychopathology of schizophrenia, as well as any coincident metabolic characteristics such as obesity and IR.

Methods
=======

Subjects
--------

The study was conducted at Guangzhou Psychiatric Hospital from January 2011 to December 2012. Sixty patients with schizophrenia who were antipsychotic-naive were recruited, and a total of 50 apparently healthy controls were recruited during regular health screenings. All subjects were of Han Chinese descent, and all the enrolled patients met the International Classification of Diseases 10 (ICD 10) criteria for schizophrenic disorders. Patients and controls were excluded if they had a history of any neurological or immune disease, showed current substance abuse or dependence, or had used medications such as anti-inflammatory or antiviral agents before the study. Everyone involved must be in good physical health based on complete physical, neurological, and psychiatric evaluations, and none had somatic disorders, substance abuse, or dependence except nicotine. The patients were diagnosed and divided into type I or II schizophrenia according to the criteria by Crow.[@b32-ndt-12-2869]

The patients gave informed consent to participate in the study. The institutional review board of Guangzhou Psychiatric Hospital approved the study protocol, and this study was performed according to the hospital's code of conduct.

In accordance with the informed consent form, CSF was collected from 22 patients with schizophrenia. Control CSF was obtained from ten patients, including five males and five females, with nonsuppurative appendicitis who received lumbar spinal anesthesia before surgery.

Clinical data collections
-------------------------

General population data were collected, and obesity was determined according to waist circumference and BMI. IR was evaluated using the index of the homeostasis model assessment (HOMA-IR) based on the formula HOMA-IR = (fasting insulin \[mU/L\] × fasting plasma glucose \[FPG mmol/L\])/22.5. The IR percentile was obtained by translating this continuous variable into a categorical variable; IR was observed in one-quarter of the subjects regardless of subgroup.[@b33-ndt-12-2869] The Positive and Negative Syndrome Scale (PANSS) was used to assess the psychopathology of patients with schizophrenia at the time of admission. All patients with schizophrenia were divided into type I (n=15 patients) and II (n=7 patients) groups according to their main symptoms.[@b31-ndt-12-2869]

Blood draw and TNF-α assays
---------------------------

All venous blood samples were collected using the standard venipuncture technique. Venous blood (5 mL) was drawn between 6.30 and 7.30 am after the subjects had fasted for 12 hours. Then, the blood was centrifuged at 2,600× *g* for 7 minutes to isolate plasma. The serum was stored at −76°C. The CSF and serum TNF-α were assayed using a radioimmunoassay in accordance with the manufacturer's instructions (the Department of Nuclear Medicine in the First Affiliated Hospital, Sun Yat-sen University, Guangzhou, People's Republic of China). All the assays were performed. The intra- and inter-assay coefficients of variation for TNF-α were 5% and 8%, respectively. The lower limit of detection for TNF-α was 0.3 ng/mL, according to the information provided by the supplier. All measurements were performed in duplicate and expressed as ng/mL.

Statistics
----------

Categorical data, such as gender, were analyzed using the chi-squared test and Fisher's exact test, if necessary. Case--control differences in continuous variables were evaluated using two-tailed independent samples *t*-tests or one-way analysis of variance, followed by the least significant difference multiple range test for between-group comparison. Data are presented as the mean ± standard deviation (SD). A general linear model was used to consider case--control differences after adjusting for other factors and covariates on transformed data. Correlations were calculated with Spearman's correlation matrix. *P*\<0.05 was considered statistically significant. For the correlations between CSF TNF-α levels and fasting blood glucose, fasting insulin, and IR parameters, the zero-order partial correlation coefficient test was applied.

Results
=======

Twenty-two patients with schizophrenia (males/females: 14/8, mean age 30.48 \[SD 8.91\] years) and 50 controls (males/females: 25/25, mean age 30.47 \[SD 7.98\] years) were included; 22 patients and ten controls (including five males and five females, mean age 29.96 \[SD 8.84\] years) donated CSF. The mean duration of the illness was 3.4 years (range, 0.25--6 years). The mean age and the proportion of gender were similar between the two groups (*P*\>0.05).

Comparison of serum and CSF levels of TNF-α in the patient and control groups
-----------------------------------------------------------------------------

[Figure 1](#f1-ndt-12-2869){ref-type="fig"} shows that the CSF TNF-α was lower in the patient group than in the control group (*P*\<0.05). No significant difference in the serum level of TNF-α was observed between the patient group and the control group (*P*\>0.05).

Analysis of CSF TNF-α levels and physiological characteristics within the group of patients with schizophrenia
--------------------------------------------------------------------------------------------------------------

CSF TNF-α were 0.35±0.18 ng/mL (14 cases) and 0.30±0.25 ng/mL (eight cases), respectively, in the male and female patients. No significant difference was found between the patients and control groups in terms of gender (*P*\>0.05). The onset age was positively correlated with CSF TNF-α levels by Pearson correlation analysis (*r*=0.37, *P*\<0.05). There was no significant difference on CSF TNF-α levels in terms of age, duration, systolic, and diastolic blood pressure, which was analyzed by Pearson correlation analysis in schizophrenia patients group (*P*\>0.05).

With the Pearson correlation analysis, the results also indicated that the CSF TNF-α levels had no correlations with fasting blood glucose, FINS, IR index, triglycerides, corrected QT interval, waist circumference, and BMI (*P*\>0.05).

Analysis of CSF TNF-α levels and psychopathology in schizophrenia
-----------------------------------------------------------------

No significant correlation was found between CSF TNF-α levels and the PANSS total scores, P scores, N scores, or G scores (*P*\>0.05). The schizophrenia type I (n=9) and II (n=13) groups showed PANSS total scores of 77.29±9.90 and 80.32±15.58, respectively, which indicated that the overall levels of disease severity were similar for the subgroups, and the data were comparable. The schizophrenia type I and II groups showed CSF TNF-α levels of 0.32±0.04 ng/mL and 0.30±0.05 ng/mL. There was no significant difference in CSF TNF-α levels between patients with schizophrenia type I and II (*P*\>0.05).

Discussion
==========

In neurological diseases, the cross talk of immune activation in peripheral blood versus CSF is of special interest as results may explain the involvement of the peripheral immune system to induce or control neuroinflammation. Even biomarker pattern analysis has led to a breakthrough in disease diagnosis and treatment.[@b34-ndt-12-2869] As reported earlier, we did not observe any difference in the serum levels of TNF-α between schizophrenic patients and healthy controls, but TNF-α levels were significantly lower in the CSF of patients with schizophrenia compared to healthy individuals. This finding in the serum is consistent with several earlier reports.[@b4-ndt-12-2869],[@b21-ndt-12-2869],[@b23-ndt-12-2869],[@b24-ndt-12-2869],[@b26-ndt-12-2869] It is not consistent with the other studies, such as Erbağci et al,[@b22-ndt-12-2869] Theodoropoulou et al,[@b25-ndt-12-2869] Upthegrove et al,[@b35-ndt-12-2869] Haack et al,[@b36-ndt-12-2869] and Naudin et al.[@b37-ndt-12-2869] They have found increased TNF-α in the serum of schizophrenic patients compared to normal control subjects. In the CSF, Paterson et al[@b20-ndt-12-2869] found that CSF TNF-α levels were higher in patients with schizophrenia compared to healthy controls. Even Maxeiner et al[@b34-ndt-12-2869] pointed out that affective and schizophrenic disorders clearly present with an inflammatory phenotype in the CSF and also in serum, the cytokines determined were, in general, higher in schizophrenia. Thus, our study suggests a reduction in the TNF-α level in the central nervous system of patients with schizophrenia. The concentrations of TNF-α indicating monocyte inflammation differed from the other findings. At this point, several other investigations should be considered. Sharief and Hentges[@b38-ndt-12-2869] report that TNF-α is important to the disease process in schizophrenia. In particular, these authors showed that TNF-α helps to restore the blood--brain barrier. Low levels of CSF TNF-α result from the inability of the cytokine to enter the central nervous system from the circulation, leaving only protein that is generated intrathecally. In general, the level of TNF-α is proportional to the abundance of functional CD4^+^ T-helper 1 (Th1) cells, and studies have shown a depletion of Th1 cells in schizophrenia with coincident enrichment in Th2 cells.[@b39-ndt-12-2869],[@b40-ndt-12-2869] Similar to Th1 cells, Th2 cells can also secrete TNF-α.[@b41-ndt-12-2869],[@b42-ndt-12-2869] Zhang et al[@b43-ndt-12-2869] suggested dysregulation in the cytokine system with schizophrenia and found that positive symptoms of schizophrenia may be linked to abnormally high levels of free radicals perhaps generated from dopamine (DA) metabolism and excessive DA release through an immune disturbance in cytokines, it remains unknown whether cytokines other than TNF-α also promote the pathological symptoms characteristic of schizophrenia and related psychiatric disorders. Moreover, it is not clear how unchanged TNF-α levels in the CSF is contributing to the schizophrenic phenotype. Müller et al,[@b8-ndt-12-2869] Potvin et al,[@b26-ndt-12-2869] and Kim et al[@b44-ndt-12-2869] mentioned that an imbalance of Th1 and Th2 cells was a critical factor related to the onset of the disease. Indeed, we infer that immune activation appears to be more restricted to CSF; insufficient TNF-α activity may explain the relatively weak cell-mediated immune response observed during the first episode and untreated schizophrenia, and support the hypothesis that mild inflammation is a unique characteristic of a subgroup of psychiatric diseases.

In addition to the age of disease onset, we did not observe correlations between the CSF TNF-α concentration and variables, such as gender, duration of schizophrenia, corrected QT interval, or PANSS score. Moreover, we did not observe a correlation between TNF-α and various metabolic parameters in patients with schizophrenia. It seemed to indicate a change of CSF TNF-α in the early stage of disease occurrence. But the age range of both the patients and the control group should be widened, also the number of participants should be increased dramatically to obtain a full picture of the ratios involved and produce clearer results and indicators. We must caution, however, that TNF-α may be important to neural and immune processes even if it is not related to the severity of psychosis and is not a good indicator of disease severity. While TNF-α may contribute to the early stages of brain degeneration or to the onset of abnormal neuroimmunologic reactivity, its relative abundance may not be directly related to the outward manifestations of schizophrenia.[@b24-ndt-12-2869],[@b26-ndt-12-2869],[@b40-ndt-12-2869] Some studies have proposed that TNF-α might participate in the pathophysiological processes of both central obesity and the occurrence of IR, which are closely related to metabolic diseases such as diabetes and cardiovascular disease. Grigsby and Dobrowsky[@b45-ndt-12-2869] proposed that TNF-α might interfere with insulin information transfer upstream of the insulin receptor, at the receptor, or downstream of the insulin receptor. In addition, Wärnberg et al[@b28-ndt-12-2869] suggested that obesity is related to TNF-α and other inflammatory factors in healthy Japanese adolescents. Park et al[@b29-ndt-12-2869] and Moon et al[@b30-ndt-12-2869] showed that the serum TNF-α level was significantly related to weight, waistline circumference, and BMI; therefore, interventions to reduce obesity may prevent increased levels of this cytokine. In 2008, Bo et al[@b31-ndt-12-2869] proposed that visfatin may increase the waist circumference and that TNF-α and inflammatory cytokines are involved in this process. However, our data showed no significant and direct correlations between CSF TNF-α and various metabolic abnormalities in patients with schizophrenia.

Current study showed that CSF TNF-α levels are decreased in schizophrenia, although this reduction does not correlate with the psychopathology or coincident metabolic characteristics of this disease. It would be useful to examine the postmortem brain literature for this protein/gene. There have been several known weaknesses in this study, due to the participation of only 22 enrolled schizophrenic samples and particularly small number of CSF subjects (n=10) in the control group. Another primary factor was cultural and laboratory resources that were unavailable to us during this study. Moreover, the levels of other proinflammatory cytokines such as interleukin 1 (IL 1) and interleukin 6 (IL 6) were not determined, and the association between serum TNF-α levels and physiological characteristics should also be examined.
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